The purpose of this paper was to study the influence of R&D (which included capital, labour and human capital) on economic development in the West African sub-region. However, due to unavailability of data to cover these variables, proxies were used to represent the independent variables. The proxies used were gross fixed capital formation, GDP per person employed, government expenditure on tertiary education as a percentage of GDP and gross enrolment ratio of both sexes to represent capital, labour, R&D and human capital respectively. The study covered all the 15 member-states of the Economic Commission of West African States (ECOWAS). The study covered a period of 2001-2014. The Generalised Least Squares (GLS) method of estimation was adopted with a panel dataset. The findings revealed that the variables had positive impact on the economy while R&D did influence GDP per capital significantly though weakly positive.
Introduction
The African continent is by far the second-largest and second-most-populous continent in the world, endowed with rich natural resources and yet the poorest, [1] . For the first time in world history, due to the sustained economic growth which China and India have experienced over the past 20 years, the majority of the world's poor (living on $1 a day or less) countries are in Africa [2] .
The economic situation in West Africa remains fragile and vulnerable to domestic and external shocks [3] . Investment remains subdued, limiting efforts to diversify economic structures and boost growth [4] . Furthermore, the last decade has seen a dramatic change in the character of violence in West Africa. Violence has shifted away from the large-scale conflict events and intrastate wars that characterized the postcolonial and post-cold war periods toward an increase in low-level insurgencies and political violence by non-state actors [5] . These conflicts and other adverse factors, notably poor weather conditions and deterioration in the terms of trade, have led to loss in economic momentum in the region over the last two decades [1] [3] [4] .
Hiking poverty rates, market assimilation difficulty into world markets, stagnant economic growth rates, higher unemployment etc. are some challenges the West African sub-region faces. In addition, the following are some destabilising factors posing threats to the sub-region: the fragility of states in the region, internal power struggles, growing militarisation, rapid population growth, a general climate of insecurity which fuels trafficking of all kinds, and lastly various foreign interventions aimed at gaining a toe-hold in this strategic corridor and taking control of its wealth [6] . There is no doubt that the results of these conflicts and other destabilising factors are devastating economies in the sub-region. This according to Ghura, Basu and Calamitsis [1] can be mitigated if conscious efforts are made by the political leaders to ensure significant rise in the real GDP per capita growth rates, enhancement in social conditions and stability in the political arena.
Despite the above findings from Ghura, Basu and Calamitsis [1] , Sylwester [7] calls for a tremendous rise in the time and amounts invested in research and development (R&D) towards economic growth by governments. Over the past two centuries, some attributions have been made to improvements in economic growth and living standards to innovation. This is however suggested by some proponents that a well-motivated and sustained R&D sector will lead to a technologically advanced environment. This could lead to higher productivity and benefits from economics of scale, thereby ensuring that there are employment opportunities and the workers earn high wage rates and improved standard of living. The importance of R&D to economic growth has been well recognised to involve coming up with well-designed and efficient production techniques in the current production process and the creation of new and improved products.
Could these accessions raise questions ranging from the accuracy of these views? Do countries with huge R&D expenditure enjoy faster economic growth rate? And do those countries with more R&D expenditure enjoy from higher productivity? These are questions worth finding answers. Consequently, it is incumbent on governments to support the growth and development of R&D through funding or any other means possible particularly if it is lacking in the private business environment.
Irrespective of the importance of R&D to economic growth that is theoretically having a positive effect on economic growth, empirically there are some challenges in its measurement. These measurement challenges may include dif- (time periods, countries) and measurements of key variables (stocks, flows or differences) [8] .
The aim of this paper was to investigate the role of research and development expenditures on economic growth of all member states of Economic Community of West African State (ECOWAS). The pushing factor for this paper is that literature [9] shows that economies of developed countries experience advancement in their economies because of the reliance on R&D. On the contrary, economies of ECOWAS countries are either undeveloped or developing. This paper therefore intended to find out whether it is because the ECOWAS countries have failed to comply to the directive from the African Union (AU) to allocate about 1% from their respective GDP towards the enhancement of R&D.
To the best of our knowledge, there has been little or no information regarding the impact of R&D on economic growth for ECOWAS member states 1 . This derives our passion for writing this paper. The paper is organized as follows:
Section 1 presents the introduction; Section 2 reviews of the literature; Section 3
is an overview of Gross Domestic Product (GDP) and R&D in West African (WA) countries; Section 4 is an augmented Solow model that incorporates R&D and human capital; Section 5 is the methodology and the econometric results;
while Section 6 outlines the main conclusions and policy implications of our research.
Review of Literature
The engine of economic growth depends on the pace of technological advancement and level of innovation among entrepreneurs in a country. Entrepreneurs have a major role in the development agenda of a country. That is their performances should be based on innovative ways which could generate well designed and efficient production techniques in the current production process and the creation of new and improved products for existing and emerging markets [10] . Therefore, technological advancement influences economic growth greatly. According to Romer [11] [7] , and Ulku [12] emphasis are made for governments to be actively involved in the development of a vibrant R&D sector by investing in the development of human capital (education). They assumed countries with exceedingly increase in growth rate of education will have a speedy evolutionary growth rates in their wages and the economy as a whole, thus, seeing human capital as an added input to enhance economic development. In addition, Pissarides [13] argues that the effect of education on growth will be based on the eminence of education coupled with how labour markets are able to competently distribute work force in the production process. It is more often than not the case that once an innovation is relatively successful other industry players tend to imitate it [14] . The consequences of R&D breed creativity and generation of new ideas. Therefore, the fusion of these new ideas and creativity with successful innovative practices from other industry players produces new value. The impact will yield economic growth and development in a national economy and to the global economy in general [15] .
In regards to this, Salter and Martin [16] critically review the economic benefits accruing from publicly funded basic research. They identify surveys, econometric studies and case studies as the main methods used in establishing a relationship between R&D expenditure and economic performance. Although econometric studies are plagued by methodological limitations, they revealed substantial economic benefits and the existence of localisation and spill over effects. From their review on case studies and surveys, the benefits of public investment in basic research fall under these categories: increasing the capacity for technological and scientific problem-solving, creating new scientific methodologies and instrumentation, creation of new firms, stimulating social interaction and forming networks, increasing the stock of useful knowledge and training skilled graduates. These benefits vary in their importance depending on the nature of the technology, scientific field and the industrial sector. While considering the notion for government funding of basic research, they argue that to take into consideration of these varying benefits of basic research, the extension of the traditional 'market failure' justification is needful.
Varying researches have revealed several findings with regards to the influence of R&D on economic growth using panel data analysis. These researches vary from different panels, time periods, variables and econometric methods. A study was conducted by Gumus and Celikay [17] , comparing the economic growth rate between developed and developing countries per GDP expenditure on R&D, their findings were that in the long run the investment on R&D will be significantly and positively influencing the growth of the economy for all the augmented Solow growth model that includes in its specification the ratio of R&D to GDP and also human capital [21] .
The main objective of our study was to find out whether R&D influenced economic growth in ECOWAS member states. An auxiliary objective was to find out whether stock of knowledge had an influence on R&D. Since the analysis dealt with various countries, attempts were made in order to ensure cointegra- Lusaka, Zambia with the aim to "build an integrated, prosperous and peaceful Africa, an Africa driven and managed by its own citizens and representing a dynamic force in the international arena" [23] .
Knowing the prospects emanating from STI, several calls 3 
Theoretical Framework
The model adopted for the purpose of this work was the standard growth equation model. It explained a country's aggregate production function as a CobbDouglas type as in [21] [25] . In this model the concept of human capital was introduced which helped to establish a relationship between R&D expenditure, productivity and possibly other inputs, as in the case of [26] . This idea follows the EGT. 
where Y is the real output, K denotes aggregate capital input, L is the total labour input, HC represents the human capital stock and R&D represents the research and development stock. Also, A denotes a positive constant. To add, α 1 , α 2 , α 3 and α 4 constitute exponents (positive fractions) of K, L, RD and HC respectively.
We start by taking the natural log of both sides of Equation (1) we find that:
The availability of data in the West African sub-region on the independent variables was challenging. Therefore, proxy variables were used in replace of the independent variables.
These proxies are gross fixed capital formation (gfcf), GDP per person em- formation yearly which roughly corresponds to about 46% of gross domestic product per capital growth of the countries. Generally, it could be observed that less attention is placed on the expenditure on tertiary education which is the point at which students should be motivated and encouraged to be creative and innovative.
Methodology and Results

Estimating the Cobb Douglas Production Function and Results
From the presentation of the theoretical framework in the preceding section, we can proceed by applying econometric tools to our Cobb-Douglas production function. That is by obtaining the estimates of the parameters A, a 1 , a 2 , a 3 and a 4 . The implication of the production function is that the output level Y depends upon K, L, RD and HC. A regression analysis is done on the transformed logarithm of the production function. The regression would provide us with estimates of a 1 , a 2 , a 3 and a 4 . The estimates of a 1 , a 2 , a 3 and a 4 could be used to determine phenomenon of returns to scale. If sum of these estimates is equal to one, then it implies constant returns to scale; if it is less than one, then it is decreasing returns to scale and if it is greater than one, it is increasing returns to scale. The production function has an implicit assumption that A (level of technology) is fixed over time. This however is not applicable in the real world therefore A needs to be varied. This we do by differentiating the transformed logarithm of the production function. indicates that a 1 percent increase in the employment level leads to a 0.251 percent increase in the real GDP level. Similarly, the 0.11327 estimate for α 4 indicates that a 1 percent increase in the R&D level leads to a 0.113 percent increase in the GDP level.
In the case of Equation (1), it is possible to determine the level of change (either increase or decrease) on GDP to a corresponding change on all the input factors. Therefore from (1) we can get: Table 3 . The results of the regressive estimation of the variables. 
In this model we know that if returns to scale are going to depend on the value
a a a a ϕ = + + + .
Then:
If φ = 1, the production function has constant returns to scale. If φ > 1, the production function has increasing returns to scale. If φ < 1, the production function has decreasing returns to scale.
To find out the level of GDP that is being influenced with a corresponding input factor, it can be seen from Table 1 Similarly, the sum of 1 2 3 4 0.41063 a a a a = + + + . The outcome of 0.41063 is however less than one, which denotes that GDP shows characteristics of "decreasing returns to scale." A decreasing return to scale implies that a percentage increase in all inputs leads to a less than percentage decrease in the GDP. Therefore, doubling the inputs would mean that the outcome of the GDP will also be doubled but still not more than one. That is, 1 2 3 4 41.063 a a a a = + + + which shows that GDP had doubled as a result of a hundred percent increase in the inputs. The results still indicate decreasing returns to scale since the outcome of GDP is less than the amount of increase in inputs.
From the production function in Equation (1) it is observed that there is an implicit assumption that A is fixed over time (or has a positive constant) which is assumed to be the level of technology. On the contrary, technology is expected to be dynamic and therefore does not reflect happenings in the real world. For technology to be assumed to be dynamic, Equation (2) will be differentiated with respect to time and while assuming time is dependent. Doing so, we obtain 
Equation (7) shows that the average growth rate for technology (average of the 0.0628322 a a a a + + = +
. Comparing the outcomes of GDP when technology was constant and when it was varied, the initial outcome had a higher GDP than the former. This however suggests that the West African sub-region is reluctant to embrace technological change and therefore will prefer to invest in other sectors. 
Conclusions
The purpose of this paper was to study the influence of R&D (which included capital, labour and human capital) on economic development in the West African sub-region. However, due to unavailability of data to cover these variables, proxies were used to represent the independent variables. These proxies are gross fixed capital formation, gross domestic product per person employed, government expenditure on tertiary education and gross enrolment ratio (both sexes) to represent capital, labour, R&D and human capital respectively. The
West African sub-region is made of 15 countries to scales on the GDP. That is, a proportionate increase in all inputs leads to less than proportionate decrease in the GDP. This therefore, meant that the amount of resources invested in the input did not yield an equal or more GDP but rather less. However, operating in a real world would mean that technology could not be constant. Therefore, it was varied in order to observe the growth rates of the inputs and GDP. The findings revealed that both R&D and HC had a positive influence on GDP (per capita). It was again noticed that they both had a decreasing returns to scale on GDP.
It can however be said that the member states of ECOWAS continuous investment in the R&D and the development of the HC sectors especially in education would encourage innovation, novelty and creativity resulting in competition and efficiency thereby leading to higher production. The findings are in line with the endogenous growth literature of Romer [11] , Ghura, Basu and Calamitsis [1] , Sylwester [7] , and Ulku [12] where emphases were made for governments to be actively involved in the development of a vibrant R&D sector by investing in the development of human capital (education).
Most governments over the past years particularly in the developed economies have acknowledged the significance of R&D to economic growth. They therefore have invested more large amounts of money on regular basis to the development of research institutions. However, based on this revelation about the importance of R&D coupled with a strong human resource base on economic development as could be seen in the outcome of the results, it is recommended that West African governments should adopt policies that are appropriate and create conducive operation conditions which promotes science, technology and innovation within each country and possibly within the sub-region. These policies should be geared towards encouraging interest in science and technology research in 4 Benin, Burkina Faso, Cape Verde, Cote d'Ivoire, The Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leon and Togo.
higher institutions of study and research bodies (laboratories) on one hand and the manufacturing sector on the other hand. It is also recommended that head of states of the West African sub-region should endeavour to be committed to meeting the 1% investment of their various GDP towards the enhancement of R&D as agreed by the African Union Commission (AUC), since most developed nations have moved pass this stage only through innovation and advancement in technology [9] . In future, we hope to further discuss the involvement of the private sector in the usage of science, technology and innovation towards economic development and whether higher investment in research institutions could lead to the growth of R&D in the business sector.
By these results, we conclude that government's expenditure in education is the best proxy for R&D as compared to other variables used in the study.
